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Abstract
The soo1-1 (for suppressor of osmo-sensitivity) mutation results in a temperature-dependent osmo-sensitive phenotype at
non-permissive temperature (37‡C), makes yeast cells more susceptible to Zymolyase and affects in vitro L1,3-glucan
synthase activity level. Transformation of soo1-1 mutant by SOO1 gene reverses these effects. Nucleotide sequencing of
SOO1 revealed that this gene is identical to the recently reported K-COP that is involved in the intracellular protein
translocation from endoplasmic reticulum to Golgi and vice versa. Although the soo1-1 mutant strain showed osmotically
remediable growth at 37‡C, SOO1 disruptants could not grow in any culture conditions. Analysis of cell wall fractions
revealed that the soo1-1 mutation causes a decrease in in vitro L1,3-glucan synthase activity, and, thus, a subsequent
alteration of the cell wall composition. ß 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction
The budding yeast Saccharomyces cerevisiae has
proved to be a useful model for the study of many
diverse basic aspects of cell biology. Particularly in
recent years, it has provided a wealth of information
about cell morphogenesis. The major components of
the yeast cell wall are mannoprotein, L-glucan, and
chitin [1,2]. Among those, L-glucans that constitute
about 60% of the cell wall carbohydrate are believed
to be the most important components in determining
cell morphology and in maintaining osmotic stability
[3,4]. Little is known, however, about the pathway of
L1,3-glucan biosynthesis, even after many studies
have been focused on the biosynthesis of L1,3-glucan
by cell extracts of S. cerevisiae [5^11]. There have
been several reports on the isolation of the genes
involved in L1,3-glucan biosynthesis [12^20]. These
gene products were suggested to be involved in
L1,3-glucan biosynthesis either directly or indirectly,
but their functions were not characterized in detail.
Previously, from S. cerevisiae we have isolated
temperature-dependent osmo-sensitive mutants that
showed lower content of cell wall L1,3-glucan and
lower activity of L1,3-glucan synthase at non-permis-
sive temperature (37‡C). The decrease in L1,3-glucan
synthase activity of the mutants was caused by the
defect in catalytic fraction rather than in GTP-bind-
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ing fraction [21]. In this study we cloned a new gene,
called SOO1 (for suppressor of osmo-sensitivity).
This gene could complement the temperature-de-
pendent osmo-sensitivity as well as the defect in in
vitro L1,3-glucan synthase activity. We also pre-
sented evidence that the soo1-1 mutation causes an
osmotic remediable growth defect of the yeast at
non-permissive temperature.
2. Materials and methods
2.1. Strains and growth media
S. cerevisiae strains used in this study are listed in
Table 1. Rich medium containing glucose (YEPD),
synthetic minimal medium (SD), and sporulation me-
dium were described elsewhere [22]. Escherichia coli
DH5K was used for propagation of all plasmids.
2.2. DNA manipulation and yeast genetic techniques
Standard methods were used for diploid construc-
tion, sporulation, and tetrad dissection [22]. Trans-
formation of E. coli, plasmid preparation, restriction
mapping, DNA ligation, and other DNA manipula-
tions were performed by standard techniques [23].
Transformation of yeast cells was carried out by
the lithium acetate procedure [24]. The YEp24-based
yeast genomic library (kindly supplied by G.R. Fink,
MIT, USA), YEplac195, and YCplac33 plasmids [25]
were used for cloning experiments. Restriction endo-
nucleases, Klenow, T4 DNA ligase, and alkaline
phosphatase (Promega) were used according to the
instructions of the manufacturer. DNA fragments
from agarose gels were isolated with a Geneclean II
kit (Bio 101, La Jolla, CA, USA). Unidirectional
deletion of DNA fragments was generated with the
Erase-a-base system (Promega) and nucleotide se-
quences were determined by the dideoxy chain termi-
nation method using the Sequenase version 2.0 kit
(USB).
2.3. Construction of SOO1 null mutant
Construction of the SOO1 null mutant was carried
out as follows. The fragment containing the entire
open reading frame (ORF) of SOO1 was recovered
from a Tos3 (temperature-dependent osmo-sensitiv-
ity) complementing plasmid, pCS4, by SalI digestion
and self-ligated. This self-ligated circular DNA was
used as template for inverse PCR with two primers
(primer 1: 5P-CTT CTG GTC CTC GTG C-3P,
primer 2: 5P-CGG TTG GGT TGG ATG G-3P),
which were complementary to the regions apart
from each terminal end of the SalI fragment (see
Table 1
Yeast strains used in this work
Strain Relevant characteristics Source
GS-1-36 MATK SUC2 mal gal2 E. Cabiba
KY8 MATa ura3-52 lys2-801 ade6 J. Kimb
F760 MATa ura3-52 lys2-801 trp1-1 J. Kimb
L2861 MATK ura3-52 leu2-3,112 trp1-289 J. Kimb
F808 MATa ade1-100 ura3-52 leu2-3,112 his4-519 J. Kimb
5916-6a MATa his4-519 J. Kimb
PS211 MATK SUC2 mal gal2 CUP1 Tos3 Bgs3 This lab.c
PKD118 KY8UPS211 Mating
LFD37 LP3UF760 Mating
LFD28 L2861UF808 Mating
LP3 MATa lys2-801 Tos3 Bgs3 Segregant from PKD118
LP6 MATa lys2-801 ura3-52 Tos3 Bgs3 Segregant from PKD118
LP0353 MATK ura3-52 lys2-801 Tos3 Bgs3 Segregant from LFD37
LP0353IS1 MATK lys2-801 SOO1: :URA3 Tos3 Bgs3 This work
LP03F1 MATa ura3-52 Tos3 Bgs3 This work
aNational Institutes of Health, Bethesda, MD, USA.
bDepartment of Microbiology, Chungnam National University, Taejon, Korea.
cDerived from GS-1-36 by EMS mutagenesis [21].
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Fig. 1). Ampli¢cation was performed in a Perkin-
Elmer DNA thermal cycler (Model PE2400) using
Taq polymerase (Perkin-Elmer/Cetus). The inverse
PCR gave the inverted link of 5P- and 3P-ends of
the SalI fragment via part of the polylinker se-
quences of YEp24, which contained the SphI and
SalI sites and was originated by subcloning the
SalI fragment from pES1 into pCS4 via pES4. The
PCR products separated on agarose gel were isolated
and cloned into pT7Blue (Novagen). From this plas-
mid the inverse PCR product was recovered as a
SmaI-XbaI DNA fragment and ligated into YI-
plac128 carrying LEU2 as a selective marker, which
had been linearized by the sequential treatment of
HindIII, Klenow fragment, and XbaI. Digestion of
the resulting plasmid with SphI and SalI gave a
linear YIplac128 £anked on either side by SOO1
sequences. This linear plasmid construct was intro-
duced into yeast diploid, LFD28. To con¢rm SOO1
gene disruption, diploid transformants able to grow
on leucine dropout media were selected, and sub-
jected to Southern analysis using the PCR ampli¢ed
800 bp C-terminal fragment of the SOO1 gene as a
probe. Labeling of probe DNA and Southern hy-
bridization were carried out using the ECL system
(Amersham) as described by the manufacturer.
2.4. L1,3-Glucan synthase activity measurement
L1,3-Glucan synthase activity was measured with
permeabilized cells or crude membrane preparations
as the enzyme sources. The permeabilization of the
cells with digitonin was performed by the method
reported previously [26]. The preparation of mem-
brane fraction and the assay condition for L1,3-
glucan synthase activity were the same as those de-
scribed elsewhere [8,9]. Incorporation of radioactivity
from UDP-[14C]glucose (UDPGlc) into trichloroace-
tic acid-insoluble materials was determined with the
Top Counter (Packard). Protein concentration was
measured by the method of Lowry et al. [27] with
bovine serum albumin as a standard. Speci¢c activity
Fig. 1. Partial restriction map of the 10 kb clone containing the Tos3 complementing phenotype and localization of the minimum
complementing fragment. The ability to complement the Tos3 phenotype is depicted as plus (+). Thin line is the sequence from the
vector for library construction. The two primer sites for inverse PCR used in the SOO1 disruption experiment are indicated beneath
the restriction map. Open box and arrowhead represent ORF and the direction of transcription of SOO1, respectively. Ap, ApaI; Av,
AvaI; B, BglII; E, EcoRI; H, HindIII; S, SalI; Sm, SmaI; Sp, SphI; Xm, XmaI
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of the enzyme was expressed as the amount of UDP-
glucose (mg) incorporated into reaction product by
milligram of protein per hour.
2.5. Fractionation and analysis of cell wall
preparations
Cells grown until late log phase at 37‡C in YEPD
supplemented with 1.2 M sorbitol were harvested. To
obtain cell wall, mechanical breakage of cells using
Bead Beater (Biospec Products, Bartlesville, OK,
USA) was done as previously described [8]. After
washing the cell wall preparations with distilled
water several times by centrifugation at 1000Ug for
5 min, these were fractionated into alkali-soluble,
acid-soluble, and acid-insoluble fractions according
to the method published previously [28]. Brie£y, the
cell wall preparations (5 mg/ml) were extracted four
times with 3% NaOH at 65‡C for 6 h with gentle
shaking. After centrifugation at 3000Ug for 10
min, the supernatant fractions were neutralized
with 2 M acetic acid, and followed by addition of
3 vols. of cold ethanol with gentle stirring at 4‡C.
The precipitates were harvested and lyophilized (al-
kali-soluble fraction). The residues (R1) from 3%
NaOH treatment of cell wall preparations were ex-
tracted three times with 0.5 M acetic acid at 90‡C for
3 h and centrifuged. The acid soluble supernatant
was neutralized with 2 M NaOH, treated with
3 vols. of cold ethanol, harvested, and lyophilized
(acid-soluble fraction). The residues from the 0.5 M
acetic acid treatment of R1 were treated with 3 vols.
of cold ethanol, harvested, and lyophilized (acid-in-
soluble fraction). The amount of each fraction was
measured by weight and calculated per mg of cell
wall preparation used for extraction.
For chromatographic analysis, cell wall fractions
were subjected to gel permeation chromatography
(GPC) on a TSK-GMPW column (7.8 mmU30 cm,
Tosoh, Japan). The acid-soluble fraction was dis-
solved in 0.5 M acetic acid, and the alkali-soluble
fraction was dissolved in 0.1 M NaOH. The column
was equilibrated and eluted at room temperature
with the same solution used for sample dissolution
at a £ow rate of 1 ml/min. Ten Wl of sample (approx.
5 mg/ml) was injected into the column and carbohy-
drate in the e¥uent was detected with a refractive
index detector.
3. Results and discussion
3.1. Genetic characterization of temperature-
dependent osmo-remediable mutant
One of the previously isolated mutants, PS211 [21],
was used for genetic analysis. The PS211 is a thermo-
sensitive osmo-remediable mutant of S. cerevisiae,
which is able to grow only in the presence of osmotic
stabilizer, and shows a number of defects such as
lower content of cell wall L1,3-glucan, decrease in
in vitro L1,3-glucan synthase activity, and decrease
in resistance to a cell wall lytic enzyme, Zymolyase,
at non-permissive temperature (37‡C). The hetero-
zygous diploid from the cross between PS211 and
wild type strain KY8 showed normal growth and
normal level of L1,3-glucan synthase activity even
at non-permissive temperature (data not shown).
When more than 40 complete tetrads from the spor-
ulated diploid strain were analyzed, in all cases the
osmotic stabilizer dependence at the non-permissive
temperature segregated in a 2 :23 fashion. This re-
sult indicated that the temperature-dependent osmo-
sensitive phenotype (Tos3) was recessive, monogenic
and nuclear. On the other hand, the L1,3-glucan syn-
thase defective phenotype (Bgs3) displayed neither
2:2 segregation nor clear cosegregation with the
Tos3 phenotype. It was of interest that one of the
two Tos3 segregants always showed the lowest level
of L1,3-glucan synthase activity, but the other Tos3
segregant always showed an intermediate level of
L1,3-glucan synthase activity. Furthermore, one of
the Tos segregants always showed the highest level
of L1,3-glucan synthase activity (Table 2). This result
suggested that two genes were responsible for these
mutant phenotypes. One gene would be responsible
for a defect in L1,3-glucan synthase activity as well as
temperature-dependent osmo-sensitivity. Thus, this is
likely to be an essential gene. The other would only
account for the defect in L1,3-glucan synthase activ-
ity, and would be non-essential. To con¢rm this pre-
diction, test crosses between wild type strain and
each of the putative mutants, which had Tos3 or
Gs3 phenotype, were performed. In the cross be-
tween the putative Tos3 mutant and wild type, the
ascospores from the tetrads always showed 2:2 seg-
regation of Tos :Tos3 phenotype. In addition, the
Tos3 segregants always showed a decrease in L1,3-
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glucan synthase activity. However, we could hardly
get a statistically signi¢cant conclusion on the segre-
gation pattern of Gs3 phenotype of ascospores from
the tetrads between the putative Gs3 mutants and
wild type. In measuring the L1,3-glucan synthase ac-
tivity, one should use the cells at mid-log phase for
the preparation of enzyme source, because the en-
zyme activity is quite variable depending on the
growth phase of the strain [8,21]. Using the large
number of ascospores from tetrads, it was, however,
practically impossible to prepare the enzyme sources
with cells grown at mid-log phase in every case of the
ascospores tested. Although rigorous con¢rmation of
this issue would demand further experimental evi-
dence, our postulation on the involvement of two
genes for the mutant phenotypes could be supported
by the results presented above and our recent result
on the cloning of a novel non-essential gene which
partially complement the defect in L1,3-glucan syn-
thase activity but not the Tos3 phenotype of the
mutant LP0353 (17th International Congress of Bio-
chemistry and Molecular Biology, Abstracts, Pro-
gram No. 3276).
3.2. Cloning of the SOO1 gene and allele test
To isolate the S. cerevisiae wild type gene comple-
menting the Tos3 phenotype, one of the stable Tos3
segregants LP0353 was transformed with a yeast ge-
nomic library constructed in the high-copy vector
YEp24, carrying URA3 as a selectable marker.
Among 3000 Ura transformants, only one exhibited
a plasmid-dependent loss of the Tos3 phenotype.
The transformant also showed the recovery of the
L1,3-glucan synthase activity and the resistance
against Zymolyase 100T (Table 3). Therefore, we
designated the gene as SOO1 (suppressor of osmo-
sensitivity). Since the mutant LP0353 had both mu-
tations, the level of the L1,3-glucan synthase activity
of the transformant should be lower than that of
wild type. The level of the L1,3-glucan synthase ac-
tivity of the transformant, however, was almost the
same as that of wild type. This might be due to the
use of digitonin treated cells as an enzyme source.
Digitonin treated cells can be prepared more easily
than the particulate membrane fractions, thus they
are more suitable for assay with a large number of
samples. The assay with digitonin treated cells, how-
Table 3
L1,3-Glucan synthase activity of Tos3 complementing transformant
Strain Growth at 37‡Ca Speci¢c activityb Zymolyase resistancec
Wild type (F760) + 38.4 78.4 (100)
Mutant (LP0353) 3 16.1 42.9 (54.7)
Transformantd + 38.1 74.5 (99.0)
aGrowth on solid YEPD medium without 1.2 M sorbitol at 37‡C.
bActivity was measured with digitonin treated cells and expressed as mg UDPGlc incorporated/hUmg protein. Values are the means
from the assay performed in duplicate.
cThe percentage of unlysed cells was presented as the ratio of the OD values for Zymolyase-treated and untreated cells and was deter-
mined by the following formula: [(sample OD/control OD)U100]. Resistance was tested using Zymolyase-100T (ICN Pharmaceuticals)
by the method described previously [14].
dObtained from transformation of LP0353 with original 10 kb insert containing SOO1.
Table 2
L1,3-Glucan synthase activity of segregant tetrad from mutant
and wild type cross
Strain Speci¢c activitya Growth at 37‡C
Parent
wild (GS-1-36) 28.0 +
mutant (LP6) 9.7 3
mutant (LP3) 9.5 3
Tetrad I (GS-1-36ULP6)
strain 1 9.7 3
strain 2 15.3 3
strain 3 20.8 +
strain 4 26.1 +
Tetrad II (GS-1-36ULP3)
strain 1 18.8 +
strain 2 22.9 +
strain 3 11.2 3
strain 4 5.8 3
aActivity was measured with digitonin treated cells and ex-
pressed as mg UDPGlc incorporated/hUmg protein. Values are
the means from the assay performed in duplicate.
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ever, gives less accurate results than that with the
particulate membrane preparations [21].
To locate the functional region of the SOO1 gene
in the genomic DNA insert from the Tos3 comple-
menting plasmid (pES1), restriction analysis and sub-
cloning were performed (Fig. 1). Deletion of the in-
ternal BglII fragment and self-ligation gave the pES2
containing a 5.7 kb fragment. Subcloning of the 4.8
kb BglII fragment into YEplac195 gave the pES3.
Subcloning of the 5.5 kb SalI fragment into YE-
plac195 gave the pES4. Deletion of the SalI fragment
and self-ligation gave the pES5. These plasmids con-
taining each of the four fragments were transformed
into LP0353 to identify the smallest fragment capa-
ble of complementing the Tos3 phenotype. Only the
pES4 plasmid conferred the recovery of Tos pheno-
type, suggesting that the SOO1 gene was located
within this 5.5 kb fragment region. Interestingly, in
the pES1 and pES4 a large part of the 5P £anking
promoter region of the SOO1 gene seemed to be
deleted, but these plasmids could complement the
Tos3 phenotype at 37‡C. In this case, SOO1 gene
is probably expressed by use of a cryptic promoter
in the vector as reported previously [29].
To explore the copy number e¡ect of the SOO1
gene, pCS4 plasmid was constructed by subcloning
the SalI fragment from the pES4 into a low-copy-
number plasmid YCplac33 and used for transforma-
tion of the mutant LP0353. The transformant also
showed loss of Tos3 phenotype (Fig. 2) and L1,3-
glucan synthase defect (Table 4). The level of L1,3-
glucan synthase activity recovered with the low-copy
plasmid was almost the same as that using high-copy
plasmid. In both cases, however, the activity was
lower than that of wild type. This result was incon-
sistent with the results shown in Table 3. This might
be due to the use of a di¡erent enzyme source or the
di¡erence in the genetic background of wild type
used. The growth rates of transformants with either
high or low copies of the SOO1 gene were the same
as that of the wild type strain (data not shown). It
was, therefore, concluded that a single copy of SOO1
gene was able to complement the temperature-de-
pendent osmo-sensitive mutation.
To determine whether SOO1 is allelic to TOS1 or
acts as an extragenic suppressor, the YIpIS1 plasmid
was constructed by subcloning the Tos3 comple-
Fig. 2. Growth patterns of wild type, mutant, and transform-
ants at 30‡C (A) and 37‡C (B) on YEPD (a), YEPD supple-
mented with 1.2 M sorbitol (b), and Ura dropout media (c). 1,
GS-1-36 (wild type); 2, LP0353 (mutant); 3, LP0353 trans-
formed with YCplac33; 4, LP0353 transformed with YE-
plac195; 5, LP0353 transformed with YCplac33 containing the
SOO1 (pCS4); 6, LP0353 transformed with YEplac195 contain-
ing the SOO1 (pES4).
Table 4
L1,3-Glucan synthase activity and cell wall composition of various strains
Strain Speci¢c activitya (%) Amount of cell wall fractions (%)
Alkali-soluble Acid-soluble Acid-insoluble
GS-1-36 99.4 (100) 59.7 7.5 32.8
LP0353 22.4 (22.5) 52.0 2.6 45.4
LP0353/YEplac195 17.4 (17.5) ndb nd nd
LP0353/YCplac33 13.8 (13.9) nd nd nd
LP0353/pES4 74.9 (75.3) 53.8 6.9 36.6
LP0353/pCS4 74.1 (74.5) 56.5 6.9 36.6
aActivity was measured with membrane preparation and expressed as mg UDPGlc incorporated/hUmg protein. Values are the means
from the assay performed in duplicate.
bNot determined.
BBAMCR 14472 20-5-99
D.-W. Lee et al. / Biochimica et Biophysica Acta 1450 (1999) 145^154150
menting sequence from pCS4 into the plasmid YI-
plac211 that has the selectable marker URA3. YI-
pIS1 was used to transform the mutant LP0353
strain. Southern analysis of the Tos3 complementing
transformants showed that the plasmid YIpIS1 was
integrated at soo1-1 locus of the S. cerevisiae chro-
mosome by homologous recombination (data not
shown). The identity between the integrated SOO1
gene and the altered gene in the Tos3 mutant strain
used for the integrative transformation was analyzed
by crossing the integrative transformant, LP0353IS1,
with a mutant strain, LP03F1 (Tos3, ura3) and a
wild type strain 5916-6a (Tos, URA3), respectively.
In 29 tetrads from the cross between LP0353IS1 and
LP03F1, all tetrads exhibited the expected 2:2 segre-
gation of Tos :Tos3, and cosegregation of Ura3
with Tos3, while in 26 tetrads from the cross be-
tween LP03FIS1 and 5916-6a, the four ascospores
were Tos and the segregation of Ura3 phenotype
showed nearly 1:1:4 (3:5:18) segregation of parental
ditype (Ura :Ura3 = 4:0), non-parental ditype
(Ura :Ura3 = 2:2), and tetratype (Ura :Ura3 =
3:1). These results clearly indicated that the SOO1
is not the extragenic suppressor but the allele to
TOS1.
3.3. Functional implication of SOO1
Determination of nucleotide sequence of the SOO1
revealed that this gene is identical to the following
genes recently reported: RET1 [29]/K-COP [30]/
SEC33 [31] (data not shown). These genes were
shown to encode the K-subunit of a coatomer
(COPI), a preformed complex of seven non-clathrin
coat proteins (COPs). Two types of non-clathrin
coated vesicles, COPI and COPII, are involved in
the intracellular translocation of di¡erent sets of pro-
teins from endoplasmic reticulum (ER) to Golgi and
vice versa [29,32]. COPI complex mediates Golgi to
ER recycling of membrane proteins containing a di-
lysine retrieval motif [29] and plays a critical but
indirect role in anterograde transport, perhaps by
directing retrieval of transport factors required for
packaging of certain cargo molecules into ER and
to Golgi via COPII vesicles [33]. COPII mediates
ER to Golgi transport of the majority of secretory
and membrane proteins such as K-factor precursor
[34] and Gas1p, a major GPI-linked yeast cell surface
protein [35]. Our results, therefore, suggest that a
component(s) for L1,3-glucan synthesis is translo-
cated to the plasma membrane by the aid of
Soo1p(K-COP).
Although several proteins, such as Fks1p [13,15],
Fks2p [18], and Rho1p [11,36,37], are involved in
L1,3-glucan biosynthesis in S. cerevisiae, there has
been no evidence that these proteins may be trans-
ported through COP vesicles to plasma membrane
where the proteins are assembled to form the func-
tional complex for L1,3-glucan biosynthesis. In addi-
tion, although there have been several reports on the
genes that complemented the osmotically remediable
thermo-sensitive phenotype caused by cell wall de-
fects [12,38^41], none of these genes was described
as COP related. Thus we believe that this is the ¢rst
report which shows that the COPI vesicle is involved
in in vitro L1,3-glucan synthase activity and thus in
the maintenance of cell wall integrity in yeast. This is
also the ¢rst report on the osmotically remediable
conditional lethal allele of K-COP, although two
kinds of conditional lethal alleles, ret1-1 [29] and
sec33-1 [31], were reported.
3.4. Disruption of SOO1 gene
S. cerevisiae diploid LFD28 was transformed with
a linearized plasmid that contained a disrupted
SOO1 gene (Fig. 3A) and the SOO1 disruptants
were identi¢ed among the Leu transformants by
Southern blot hybridization with SOO1 fragment
as a probe (Fig. 3B). The disruptant clones were
allowed to sporulate and the viability of each spore
was examined following tetrad dissection. The result
from tetrad dissection showed that only two of each
tetrad were viable on complete medium even in the
presence of 1.2 M sorbitol (Fig. 3C) and no spores
were viable on leucine dropout media (data not
shown). These results con¢rmed that the SOO1(K-
COP) gene is essential for vegetative growth of cells
as reported previously [30]. It should be noted, how-
ever, that growth of cells with the disrupted SOO1
gene was not supported by the presence of osmotic
stabilizer (Fig. 3C), while the soo1-1 mutant, LP0353,
was able to grow at 37‡C in the presence of 1.2 M
sorbitol (Fig. 2Bb). Thus, the thermo-sensitive alter-
ation of Soo1p function might be caused by an ami-
no acid substitution.
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3.5. Cell wall analysis
To test whether the SOO1 gene complements the
mutant cell wall changes, the cell wall components
from the cells grown at non-permissive temperature
were fractionated and analyzed. As shown in Table
4, the mutant strain LP0353 exhibited signi¢cant al-
teration in composition of cell wall fractions; the
acid-soluble fraction was decreased about 65%, the
acid-insoluble fraction was increased about 38%,
with a little decrease (13%) in alkali-soluble fraction.
These alterations were reversed by introduction of
the wild type SOO1 gene into the LP0353, but not
in a dosage-dependent manner. The decrease in acid-
soluble fraction, which contains mainly L1,6-glucan
[28], may not be consistent with the results from
L1,3-glucan synthase activity assay. In the cell wall
of S. cerevisiae, however, L1,3-glucan is present in
both the alkali-soluble and the alkali-insoluble frac-
tions [4]. And our previous results showed that the
decrease in alkali-insoluble fraction from the mutant
strain PS211 is largely caused by the decrease in
L1,3-glucan content rather than L1,6-glucan [21].
Moreover, recent studies on the yeast cell wall archi-
tecture revealed that the yeast cell wall is able to
compensate for a cell wall defect by altering the com-
position [42]. Taken these results together, although
the nature of the linkages of the cell wall fractions
from the mutant has not been precisely analyzed, we
can postulate that the decrease in L1,3-glucan in
acid-soluble and/or alkali-soluble fractions might
lead to subsequent alteration of the cell wall compo-
sition; this would be the increased chitin content in
the acid-insoluble fraction, and/or an increased reli-
ance on cross-linking between L-glucans and chitin in
the acid-insoluble fraction.
The alkali-soluble and acid-soluble fractions were
analyzed through gel permeation chromatography
(GPC) to determine whether the soo1-1 mutation al-
tered the properties of these cell wall fractions. Chro-
matograms of alkali-soluble fraction (Fig. 4A)
showed an increase in peaks 1 and 3, which were
dramatically decreased in the mutant (b) and recov-
ered by the introduction of the SOO1 gene (c,d). The
pro¢le of the high-copy transformant (peak 3) was
almost the same as that of wild type. In acid-soluble
fractions (Fig. 4B), the increase in peak 1, which was
decreased in mutant (b), was obvious in the trans-
formants (c,d). These results indicated that the soo1-
1 mutation caused not only the decrease in L1,3-glu-
can synthase activity in vitro but also the subsequent
alteration of the properties of the cell wall in vivo.
In summary, although rigorous con¢rmation of
this issue would demand further experimental evi-
Fig. 3. Disruption of S. cerevisiae SOO1 gene. (A) Schematic representation of the construct used for the disruption of the SOO1 by
homologous recombination, and the region of DNA used as a probe. E, EcoRI; H, HindIII; S, SalI; Sp, SphI. (B) Southern blotting
of EcoRI digested (lanes a, c) and HindIII digested (lanes b, d) genomic DNAs from diploid LFD28 cells (lanes a, b) and diploid
LFD28 cells in which one of the SOO1 alleles was replaced with the soo1: :LEU2 sequence (lanes c, d). The C-terminal fragment of
the SOO1 was ampli¢ed with two primers (upper primer 5P-CTT CTG GTC CTC GTG C-3P, and lower primer 5P-CGC CCG ACA
ATC AAA A-3P) and used as a probe. The size of the corresponding hybridized fragments is indicated to the right of the gel. For
more details, see Section 2. (C) Segregation pattern (2:2) of the four meiotic products (lanes a^d) from the diploid LFD28 cells in
which one of the SOO1 alleles was replaced with the soo1: :LEU2 sequence. Meiotic spores from each tetrad were inoculated onto
YEPD plate supplemented with 1.2 M sorbitol, and incubated for 3 days at 30‡C.
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dence, the results shown here suggest that the
Soo1p(K-COP) may play a crucial role in recognition
and translocation of a protein(s) of the L1,3-glucan
synthase complex and, thus, may contribute for the
maintenance of the osmotic integrity of the cells by
regulating the intracellular transport of protein(s) for
L1,3-glucan biosynthesis. To address this issue, clon-
ing and functional study of the corresponding mu-
tant allele of the SOO1 are in progress and will help
to assess the physiological signi¢cance of the corre-
sponding product in S. cerevisiae cell wall biosynthe-
sis and assembly. The SOO1 gene is not a structural
gene for L1,3-glucan synthase, a new class of condi-
tional lethal mutant reported here; however, it may
provide us with some additional information about
cell wall growth and a novel approach to clone addi-
tional genes involved in cell wall biosynthesis and
morphogenesis in S. cerevisiae.
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